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86164-T-3579 =24.075 times as fast as at present. 

.•. One revolution per hour. 

By this method we can find the time of revolution for any latitude. 



It is 
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where b is taken in feet, and L' in inches. 

The following table gives gravity and the length of the second's pendu- 
lum for every five degrees under existing conditions. 



DEGREES 


GRAVITY 


SECOND'S pendulum 


POUND ALS 


DYNES 


INCHES 


mm 


0° 


32.0002682 


978.09 


39.017088 


991.01 


5° 


32.0915197 


978.13 


39.018610 


691.05 


10° 


32.0952903 


978.25 


39.023194 


991.17 


15° 


32.1014356 


978.43 


39.030666 


991.36 


20° 


32.1097470 


978.69 


39.040771 


991.62 


25° 


32.1200159 


979.00 


39.053257 


991.93 


30° 


32.1319053 


979.36 


39.067713 


992.30 


35° 


32.1450623 


979.76 


39.083710 


992.71 


40° 


32.1590697 


980.19 


39.100741 


993.14 


45° 


32.1735424 


980.63 


39.118337 


993.59 


50° 


32.1880023 


981.07 


39.135918 


994.03 


55° 


32.2020226 


981.50 


39.152965 


994.47 


60° 


32.2151796 


981.90 


39.168962 


994.87 


65° 


32.2270722 


982.26 


39.183422 


995.24 


70° 


32.2373379 


982.57 


39.195903 


995.56 


75° 


32.2456621 


982.83 


39.206024 


995.81 


80° 


32.2517955 


983.02 


39.213482 


996.00 


85° 


32.2555651 


983.13 


39.218065 


996.12 


90° 


32.2568167 


983.17 


39.219587 


996.16 



A PROBLEM CONNECTED WITH MERSENNE'S NUMBERS. 



By HARRY S. VAHDIVER, Bala, Pa. 



In Sir W. B.. Ball's Recreations and Problems (London, 1809), page 33, I 
find the following : 

"A curious proposition which comes from China, and which I believe ap- 
pears here in print for the first time, is that (2"— 2)/« is an integer if n is a prime 
and is not an integer if n is not a prime. The first of these statements is at once 
demonstrable ; but I have not succeeded in proving the second part of the propo- 
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sition, which seems to introduce considerations similar to those involved in the 
theory of Mersenne's Numbers." 

This proposition is of extraordinary importance, since, if we suppose it 
true then it gives a complete analytic definition of a prime. For instance, to find 
whether or not a is a prime it would only be necessary to calculate the residue of 
2»-i ^jth respect to a. If we find 2 a - 1 =l(moda) then a is a prime, but if 2 a_1 
is not congruent to 1 (moda) then a is composite. 

The object of the following investigation is to show that the second part 
of the proposition is false. 

To prove this falsity it is sufficient to find a value n=an odd composite 
such that 2 n - 1 =L(mod»0 C 1 )- 

Let us suppose, first that n is the simplest form of odd composite— pxq, 
where p and q are primes. Then, since <j>(n)=(p — l)(q— 1), we have 

2(p-i)'«-i)=l(mod^) 

by Fermat's Generalized Theorem. If we assume that m is the smallest number 
such that 2 m =l(modpq), then m must be a divisor of ^(u) and if (1) is possible 
then n must be a multiple of m. (Serret's Algebra, Sup. Vol. 2, page 48). 
These conditions may be written 

pq— l=0(modm) 
{p— l)(g— l)=0(modm) 

Comparing these congruences, we find 

p=L(modm), g=l(modm). 

Then to prove the possibility of (1) it is sufficient to find values, m, p, q, 
such that 2 m =l(modpg) where q==l(modm)=q and m is not greater than <f>(pq). 

To find these values, assign to m small integral values in succession to 
find, by trial, numbers for p and q corresponding. 

If m=l to 9 inclusive, no appropriate values can be found for p and q, but 
if m=10, then we can put 

p=10xl+l and # = 3x10+1, 
and then 2 1 °=l(mod31 xll) 

and therefore 2» 4 »=l(mod31xll) 

and the second part of the proposition originally quoted is thus seen to be false. 
If m=ll, then putting p=-23, q=H9, 

2°-o*6==l(mod2047). 
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In the same manner we can find other values of m, p, and q, and the num- 
ber of possible sets does not appear to be limited. 

The first part of the proposition, namely, (2"— 2)/» is an integer when n 
is prime, is but a particular case of Fermat's Theorem that aP-^l^modp) when 
p is prime and a is prime to p. 

Bala, Pa., Feb. 1, 1902. 



GEOMETRIC DERIVATION OF CERTAIN TRIGONOMETRIC 

FORMULAE. 



By PROFESSOR L. E. DICKSON. 



Students of trigonometry find it interesting to have, in addition to the us- 
ual proof, the following geometric derivation of the formulae used in the solution 
of a plane triangle of given sides. The only trigonometry used is the definition 
of the tangent ratio. 

The first step is the usual geometric proof (by means of the theorem giv- 
ing, in terms of the sides, the projection of one side on another side) of Heron's 
formula : 

A =1/ [s(s-a)(s-5)(s-rc)]. 

The next step is the evaluation of the radius r of the circle inscribed in 
the triangle. It its center is 0, the areas of the triangles AOB, BOG, GO A are 
icr, %ar, %br, respectively. Hence 

A =K a +■ b-\-c)r—sr. 



J(s—a 



)0-&)0-c) 



The next step is the simple proof that the length of the tangent from A 
to the inscribed circle is AE-=AD = s—a; from 
B, BE=BF=s-l, and from 0, CF^Cl)=s-c. 
Then 

Y TV 

taniLl= , tan^B — r , tan^O= . 

S — d S — S — G 

These are the most convenient formulae 
for the solution of a triangle of given sides. We 

may, however, derive at once the formulae for tan^A, sinJA, eos^A in terms of 
a,b, c only. Evidently, 




